Summary
Lung congestion was observed after an outbreak of Kilham rat virus infection (KRV) in a rat colony, previously free of all rat viruses. A high proportion of congested lungs contained Pasteurella pneumotropica suggesting that KR V might have caused primary damage to the alveoli (hitherto not recorded) which allowed the secondary bacterial colonization. Experimental infection of rats with KRV caused acute damage to the lung alveoli. Since KR V infection is very common in animal facilities it could therefore be a significant agent in the development of respiratory disease.
Kilham rat virus (KR V), a parvovirus, was originally characterized as causing a subclinical infection in rats It has an affinity for replicating cells and can cause congenital deformities in neonates after passing through the placenta (Kilham & Ferm, 1964) . Although the virus contaminates a high percentage of colonies in the UK, very few clinical infections are seen (Carthew & Verstraete, 1978) .
Recently a canine parvovirus has been isolated and shown to be responsible for neonatal deaths in puppies (Appel, 1979 ). An interesting feature of pathogenesis by this related parvovirus is that it causes lung haemorrhage (Robinson, Huxtable & Pass, 1980) . Our own experience with regular serological monitoring at the Laboratory Animals Centre had been that KR V was endemic in a colony maintained without a strict barrier, where it caused no experimental difficulties, but absent (as were all rat viruses) from the specified-pathogen-free (SPF) colony. However, in 1979 the SPF colony was found to be contaminated by KRV. There were no clinical signs except for slight irregularities in the weights of new litters. No congenital malformations were noted and there were no deaths. However, post-mortem examination of infected rats showed lung congestion, hitherto unobserved in the colony. Bacterial examination of rats resulted in the isolation of Pasteurella pneumotropica from the lungs of a high proportion of atTected rats. Prior to the virus infection P. pneumotropica had been isolated only from the nasopharynx, never the lungs.
To see whether KR V could cause lung damage, rats free of this virus were inoculated intranasally with tissue-culture-grown virus.
The results of this experiment were compared with the observations of the natural outbreak.
Materials and methods KR V was obtained from the American Type Culture Collection, Rockville, Maryland, USA and propagated in rat embryo tissue culture as described by Kilham & Margolis (1966) . Serum antibody to KR V was determined as described by Petruchuk, Dzagurov & Shalunova (1973) . Dithiothreitol (DTT)-sensitive antibody (19S) to KRV was determined by the method of Okuno & Kondelis (1978) .
Porton rats, 6-8 weeks old, obtained from the Clinical Research Centre, Harrow, UK, were used for the experimental infection with KRV. They were seronegative for Sendai virus, pneumonia virus, the rat coronaviruses and KR V. Rats were dosed intranasally with 0·05 ml of a tissue culture suspension of KR V (titre 10 6 TCDso per ml). After infection 2 rats were sampled at daily intervals for 7 days and at 9, II, 14, 17,21 and 28 days. Lungs were removed, inflated and fixed in formol-butTered saline. Sections 5 .urn thick were cut and stained with Ehrlich's haematoxylin and eosin. Control rats were dosed with uninfected tissue-culture fluid and treated similarly.
Rats sampled from the SPF colony at the Laboratory Animals Centre were taken in groups of 4 at 4, 8 and 12 weeks and from an isolator inside the SPF unit at 3, 4, 6 and 8 weeks of age. The rats in the isolator were separated from the SPF colony only after it became seropositive for KRV. P. pneumotropica was isolated as described by Cowan (1974) .
Results

Histopathology
Pathological changes after intranasal infection with KR V were first observed at day 2. There was a marked accumulation of polymorphonuclear leucocytes perivascularly, with some lymphocytic infiltration of the lung alveoli. By 3 and 4 days after infection there was a marked necrosis of the cells of the alveolar septum, with a concomitant severe inflammatory response. Inflammatory exudates consisted of polymorphonuclear leucocytes, lymphocytes and macrophages.
The necrosis and inflammatory response was limited to the alveolar septum and, apart from some plugging of smaller bronchioles by polymorphonuclear leucocytes, no damage was seen to the bronchial epithelium of bronchioles.
By day 7 there was still some evidence of alveolar necrosis and infiltration of leucocytes, but fibrosis was becoming more apparent. Very little necrosis was evident at day 9, when substantial fibrosis was apparent with interstitial thickening of the alveolar septum in some areas. Interstitial thickening was a feature of all lungs from day II onward to day 21. However, this was progressively less severe (as was the fibrosis later in infection) as the damage was resolved.
Antibody response to experimental infections with KRV
Haemagglutination-inhibiting (HI) antibody was first detected 7 days after intranasal infection (Fig. 1) . Throughout the period 7-11 days after infection the Carthew & Gannon HI antibody response was sensitive to dithiothreitol treatment of sera, indicating it to be early IgM antibody. After day II serum antibody was not sensitive to DTT treatment, indicating it to be IgG.
Contamination of SPF rats with KR V and P. pneumotropica
No clinical signs were seen in any rats naturally infected with KR V, but post-mortem examination showed that lungs were congested. Histologically, rats which were seropositive for KR V showed some interstitial thickening of the alveolar septum with inflammatory cells present. Early samples of sera taken from this colony were DTT-sensitive in the KR V HI test, but after resampling all sera were refractory to DTT treatment showing that the infection had spread very rapidly throughout the colony. Table I summarizes the antibody titres found to KR V and also correlates the presence of histological lesions and isolation of P. pneumotropica from the lung.
Rats that were also contaminated but had subsequently been kept in an isolator were also examined similarly. While the histopathology was of the same nature as that already described, even the youngest rats (3 weeks old) showed Pasteurella isolates from the lungs, while older animals were now Pasteurella negative. This correlates well with the presence oflesions histologically (Table 2 ).
Discussion
Contamination of rat colonies with KR V is common in the UK (Carthew & Verstraete, 1978) . Because by this virus is clinicalIy inapparent and is able to cross the placenta, as well as being excreted in large amounts during infection, it is ubiquitous. Previous workers have not described any serious pathological effect in the lungs of rats infected with this virus. However, it is now obvious that the virus can cause necrosis in the lung with a short-lived inflammatory reaction, and that such damage can lead to secondary colonization with other microorganisms such as P. pneumotropica, which has been shown to localize in lung alveoli (Brennan, Fritz & Flynn, 1969) . Whether rat virus plays a role in the development of chronic respiratory disease in the rat remains to be evaluated.
